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ABSTRACT

A 210 GHz waveguide subharmonically- punipedinizer
with integrated amtiparallel-pair planar “1-avode”
Schottky diodes and a novel compact multiple-layer
bias circuit has been successfully fabricated andmieas-
ured. The diode anodes arc defined by electr on-heam
lithography using technology similar to that cmployed
for T-gate transistors. A compact multiplc-layeifilier
structure provides individual biasing capability for
each diode, which reduces the required localoscillator
power for subharmonic mixing. Unbiased, z D& B
mixer noise temperature of 1420 K was achicyved with
6.4 mW of required LO power. Using separate diode
bias to reduce the required LO power t0 3.2 W, tie
noise tcmpcraturc increased sightly to 1640 K ‘I'thisis
the lowest noise temperature reported forascpa r,{(c),
biased mixer at this frequency.

. INTROI}UCTION

Not long after the. Sub-Harmonically-Puu e (8T 1i7)
antiparallel-pair diode mixer arrangement was fusti ntwo-
duced by [1,2], an SHP receiver operating, at mittim: -
wave frequencies was demonstrated by the Rid o
Astronomy group at Bell Laboratories [3,4]. Thew
pioneers, together with groups that followed, vti 1. sd
whisker-contacted diode pairs to provide the unt.
symmetric 1-V characteristics that are essentialtuefuicnd
even harmonic mixing. Recent advances in fabicaiion
technology have led the way to a new style of device that
is replacing conventional vertical whiskers  with
horizontal air-bridged mctal fingers and placiar i 7cd 61 ocie
structures. Thanks to the introduction of the snface
channel etch technique [5], that made chip siyvlc iov-
parasitic planar diodes available, planar antipaislic pai
diodes were shown to perform as well as their whicke: -
contacted counterparts up t 200 GHz[6]. Morcove:,a
recent subharmonic planiar-diode mixer Uti 1 iz i ngancis.
gate-like technology to define the anodes, and a nw:
substrate transfer technique to place active ciicui
elements on low-loss quartz, has yieldedcxiratow
Parasitic devices and record noise perfor y ance #1200
GHz[7].

However, the excellent millimeter-wa~Ic subhay1101ic-
mixer performance now beingrealizedbyseveialgion, s

conics With a price: much higher required local oscillator
power than needed for either fundamental or single-diode
harmonic rixing. 1'hisis due to the difficulty involved in
incorporating individual diode bias circuitry with the
antiparallel-pait and is the most limiting factor in scaling
S} 1P miixers up to higher submillimeter-wave frequencies
where significant local oscillator power is unavailable.

Priot hmplementations for adding individual-diode bias to
SH P 1ixers in waveguide-based [8] or MMIC-based
circuitiy [91 have requited fairly large bypass capacitors
for DC isolating theiwo devices. This makes the
iplementation « especially difficult in high-frequency
waveguide struclutes where large open areas are often
difficolt to implement  without engendering mode
problenns. A very corupact bias circuit arrangement was

recently dervonstrated inanopen structure quasi-optical SHP

mixersysterm at 180 (i] 12 [10], This arrangement utilizes a
gap-cap configuration on onc side of the two diodes and
requir es that there be a split in the feed lines going to the

devices ON this sick of the circuit Such an arrangement is not

pructical iN a wavegpide SHP circuit where there is generally
not enough space to iwplement the feed-line gap.

In this paper we describe: @ very compact multiple-layer bias
circu i Uor an antiparal lel-pait-diode arrangement which can
be implemented iN ticiostrip Of stripline. In addition, we
have coupled thiS bias circuit arrangement with our new T-
anode diode procass to produce extremely low-parasitic
devices which yicld very good mixer performance.

ILDIVICE/BIAS CI RCUYY IMPLRMENTATION

The individual-diode bias concept we have realized was first
proposed by the miltimeter-wave development group at

Ruthedford Appleton 1 abs in the UK. [1 1]. It ean be-

itaplemented iN microstc ip oOr st ipline and uses a multiple-
layer conductar/insulator arrangement  to isolate the two
diodes of the ardipar alicl pait. The configuration was first
tested with oplically formed diodes in an existing mixer block
at 215GHz [12].

The device geometry we have €mployed is anextension Of
HEM and F1IT T-gate technology andresultsin lOng thin a-
anode. contacts which can be nade with ultra-small areas. The
advaniapes over mote traditional oxide-patterned anodes lie



in no finger-to-anode alignment, reduced spicading resis
tame, equivalent or reduced parasitic contact-ii ngercapic
tance and amore reproducible process. | isadva ntages it
clude the need for e-beam direct write of the anodes ane
fingers and, perhaps, a slightly less robust device (duc 111 ), =

ing no oxide around the anode to help hold the 1t Ihe

contact-finger in place).

The completed circuit structure |00KS very similar to thatde
scribed in [6], and consists of a lithographically forme:iiug-
rostrip RF filter circuit on each side of an antiparalicl-;an
GaAs diode, together on a fused quartz substrate: )1{ wever
in this instance, the two diodes are DC isolated on ong sid
using a double-layered metallization patiern yith 1 1 it ik

forming the insulating barrier. Strong capacitive coupr g,

along the whole length of the two filter layers preserves t he
AC performance by providing a short circuit at the sigal, | )
and | F frequencies. At the end of the filter, the two 1t
layers split into individual bond pads for brityring i th:
separate device biasing. On the opposite side, t 11 dicxdas ai«
connected through a comimon ground to the mixe block h:
arrangement is shown in Figure 1.

The device anodes are nominally 0.25 wide by 4 pndong i
are formed using our «“1"-anode” process [7]. The ' 1 -arnd:

process, initially developed for high frequercy 1esoran
tunneling diodes [13], uses a trilayer PMMA caating, ¢xpxe i
with multiple e-beam scans at different doses. 1 iach of th:
three PMMA layers has a different conyosition .
molecular weight and, when spun and cured layer by lasver,
shows no evidence Of interiixing. The mushroor 0 shanc (o
T-shape) of the anode is formed by selectively developing
each PMMA layer in three developers. Air-bridged fivipet»
that taper out from the anodes and connect to ol tic pacis ar
formed at the same time as the anodes. The lithograph, ix
followed by the corporation of 6000 A of tiim

ium/platinun/gold to form the Schottky contact

The stacked filters that provide a separate biasing paih for
each active device are formed from a metal/mitride/suctal 111
layer. The metal layers are titaniuny/gold deposited thy ¢l
tron-bearn evaporation and have a total thickness of 9000 A

The intermediate nitride layer is deposited by a plasiaaci
"hanced chemical vapor deposition system at 250 C to athick-
ness of 5000 A.The nitride layer has o have low pin-lols
density and good step coverage. The thickness of 1ritride
determines the coupling capacitance required for propci 1 16
performance. For our particular circuit, 6000 A of nitl id
results in approximately 1 ohm impedance at thie Jonaesi
mixer IF frequency of 1.5 GHz. Afier the filter jnclalti zao1a,
a surface channel etch [5] is performed which isolates thh:
anode and cathode and forms the air-bridge corrtact fi 1iger s e
seen in Figure 2. Thisis followed by a backside process thi
transfers the devices and filter circuits from thie Ga A< hoxt
wafer to alow-l0ss quar tz subst rate. T hiS i ocoss [14],

deemed Quartz, Upside-down |ntegrated Device (QUID), uses
atherraally cur cd epoxy to bond the semiconductor wafer to
the quar i+ cart ier. The Ga As substrate is then etched down to
an Al GaAs etch stop layer. In the final processing step the
remaining, AlGaAs/GaAs iS patterned and dry-etched, leaving
only the areas that are nceded for the ohmic and Schottky
conlacis

JIILMEASUREMENTS

11)Ccharactenistics for the best separately-biasable device we
have boen able to fabr icale to-date are given in Table 1. For
comparison, the character istics of our best unbiased T-anode-
pair diodes are also shown The diode areas are both about 1.2
. The slight asyimuetry in the biasable-pair’s turn-on
knecs isreadily compensated with the externa DC circuitry.
1“he higher diodc resistance, saturation current and ideality
factor for the biasable pair means there is still room for
sigmificant device inuprovement.

Noise measuter nents on the device shown in Table 1. were

performed at =200 Gtz using the mixer block shown in

Figurel The results are presented in Table 2. along with
publishied data fron other groups at a similar frequency. The
lowest noise temperature obtained with this device was 1420
K DSk with a conver sion loss of 7.6 dB and 6.4 mW of LO
powct with zero bias. When both diodes were biased at
around SO0 pA, the noise temperature increased slightly to
1640 K 1>SB with 8.4 dB conversion loss and 3.2 mW of 1L.O
powct. The slight degradation in noise performance with the
3dBreductionin 1,() power is believed to be related to the
large leakage current Of this particular diode pair but more
measmenients art required before this can be confirmed.

IV. CONCIUSION

A novel separately-biasable-diode subharmonic mixer using
1"“-anode techinology and stacked filter structures has been
fabricated and tested at: 200 Gilz. Although the performance
of the niixer isnot as good as that of similar circuits with
unbiased T-auode devices, it is better than any reported
scpar at ely biased 111 xer at this frequency. Substantial
reductior: in required 1.0 power is obtained when separate
bias is applicd, although there is a dlight penalty in overall
noise: pet formance. Substantial improvement in performance
is to txexpected with in grovements in device DC
characieristics.
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Figure 1. Center portion of the Jower hall of the mixer split-block that houses
biasable diodes and nacicatvip cireuits,




Exposed filter
providing bias path
for the lower diode

E:-beam defined ‘I’ -anode
and air-bridge, passivated
with PECVD nitride.

Buried filter providing
bias path for the upper
diode

Sur-face channel

Figure 2, SEM picture of the acasi«iowniiing the diode anodes showing multiple-layer bias scheme.

Paramcters

' Diode 1& 2 were fabricated on a4 x 1017 cim* epiliverwithil 2 i’ arca per anode.

RO

| Diodel’ | 13
| Diede2 | 16
Best Diode made using, 9.7

____same technology’

“This device was fabricated on a2 x 1017 e epilaycewith 1’ area per anode.,
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35x107" 00586
57x107 . Oms88 |
6.8 x107¢ 00692
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I'able 1. Measured 13C parameters of the ardyxanl. inindhiade whose per formance is presented in this paper and the best
comparable wihiased device e ie with siiilar anode geometry.

Scparalcly Biasable
Subharmonic Mixer | Areaper Anode

_ Configuration (umd)

MMIC chip [15} 31
Quasi-optical 1.1
system [10]

Wavcguide 3.1

microstrip' [17]

Wavcguide 1,2
mictostrip’ i

" Optically formed anodes with 2pm diametes

*This work,

Bias Condiion

no bia.

3500 p A
no bia-
340014
no big-
RIRSURI TR
no big-
4500 A

1.0 ower

Required
8.0 mW
mw

9w

4.5mwW

16 W

W

W

3.2 MW

30

64

1)SB Noise Frequency
Temperatwe (K)
2025 - 200G}ln

2600 205 GHz.
1800 182 Gllz.
1850 B
2380 195 Gtz
27130
1420 2.10 Gt
1640

Table 2. Recently published data from e, anatels biasable subharmonic ntixers atound 200 Gl z.,




